Objectives: This study aimed to determine factors influencing the selection of Mayo-McCall culdoplasty (MMC), open abdominal sacrocolpopexy (ASC), or robotic sacrocolpopexy (RSC) for posthysterectomy vaginal vault prolapse.
A pical vaginal vault prolapse affects 1.8% to 11.6% of women who have undergone hysterectomy. 1 Symptomatic vaginal vault prolapse can cause bothersome symptoms associated with the vaginal bulge and the adjacent bladder and bowel, which decrease overall quality of life. 2 Treatment options for vaginal vault prolapse include observation, pessary, or surgery. 3 Surgery can be approached via the transvaginal or transabdominal routes and can use various techniques with each route. Transvaginal approaches include procedures that preserve the vagina as well as obliterative procedures. Transvaginal approaches include mesh-augmented repairs and native tissue repairs comprising variations of uterosacral ligament suspension and sacrospinous ligament fixation. Obliterative transvaginal approaches consist of colpocleisis and colpectomy. The most common transabdominal procedure is abdominal sacrocolpopexy. Minimally invasive transabdominal procedures that have been more recently developed include laparoscopic sacrocolpopexy and robotic sacrocolpopexy. [3] [4] [5] Determining which approach to use for a given patient can be challenging, and there is no clear consensus to guide this decision. According to the classic, evidence-based textbook, Urogynecology and Reconstructive Pelvic Surgery, 3 if the vaginal apex descends less than half of the total vaginal length, vaginal approaches can generally alleviate vaginal dysfunction and symptoms; however, there is little evidence to guide the route of surgery in cases of advanced vaginal vault prolapse. In addition to the degree of apical prolapse, factors influencing the selection of surgical approach can include the surgeon's training, patient preference, comorbid conditions, coexisting pathologic processes, and additionally planned prolapse procedures. 3, 5, 6 Three surgical procedures for vaginal vault prolapse are performed at our institution: vaginal Mayo-McCall culdoplasty (MMC), open abdominal sacrocolpopexy (ASC), and minimally invasive transabdominal robotic sacrocolpopexy (RSC). The objective of the current study was to determine factors influencing the selection of surgical procedure for posthysterectomy vaginal vault prolapse at our institution. We hypothesized that patient baseline characteristics would differ among the 3 surgical types and that explicitly stated factors in the preoperative consultation documents would also influence selection of surgical route.
METHODS
This was a single-institution, retrospective cohort study, and the Mayo Clinic Institutional Review Board approved the protocol. Patients were identified using the Surgical Operative Note Explorer and were included if they underwent posthysterectomy vaginal vault prolapse repair via MMC, ASC, or RSC at Mayo Clinic, Rochester, MN, between January 1, 2000, and June 30, 2012. The Division of Gynecologic Surgery began to perform RSC in 2007. Patients who did not allow access to their medical records for research purposes were excluded. Patients were also excluded if they had previous or concomitant vaginal mesh excision, upper vaginectomy, nonhealing vaginal wound, radical hysterectomy, oncologic surgery, systemic chemotherapy, pelvic radiation therapy, current malignancy, connective tissue disease, nonpermanent mesh, concomitant trachelectomy or hysterectomy, concomitant major nongynecologic surgery (rectopexy, colectomy), suspension of neovagina, fistula repair, pouch of Douglas hernia, or no apical prolapse or if their procedure was performed by a nongynecologic surgeon or otherwise misclassified.
All data were abstracted from the electronic health record. Study data were collected and managed using REDCap electronic data capture tools hosted at Mayo Clinic. 7 Patient baseline characteristics abstracted included age, ethnicity, body mass index, smoking status, vaginal parity, comorbid conditions, American Society of Anesthesiologists (ASA) physical classification status, number and type of previous pelvic organ prolapse surgeries, number and type of previous urinary incontinence surgeries, pelvic floor symptoms (eg, bladder dysfunction, bowel dysfunction, and dyspareunia), chronic pain of any kind, and preoperative Baden-Walker prolapse grade of each vaginal compartment. 8 A Charlson comorbidity index score for longitudinal morbidity was assigned on the basis of comorbid conditions. 9 To abstract all explicitly stated factors for selection of route of surgery, the "Impression, Report, and Plan" section of the preoperative consultation notes were reviewed. Intraoperative variables consisting of surgeon and primary and concomitant surgeries were confirmed. All surgeons were fellowship trained in urogynecology (4 surgeons, 90.8% of the surgeries) or gynecologic oncology (7 surgeons, 9.2% of the surgeries). Procedures performed concomitantly with apical prolapse surgery were also abstracted.
Statistical analyses were performed using SAS version 9.2 software (SAS Institute, Inc). Patients were grouped according to the type of surgery: MMC, ASC, or RSC. Baseline characteristics were compared among these 3 procedure groups using the χ 2 test for categorical (nonordered) variables, the F test from a 1-way analysis of variance model for age and body mass index, and the Kruskal-Wallis test for all other ordinal variables. Explicitly stated factors influencing the selection contained in the consultation notes were summarized. Factors that were stated differently but that shared an underlying rationale were combined (eg, "multiply operated vagina" and "short vaginal length"). The explicitly stated factors and each of the concomitant procedures were compared among the 3 procedures using the χ 2 test or Fisher exact test, as appropriate. All calculated P values were 2 sided, and P < 0.05 was considered statistically significant. If a P value was less than 0.05 for an overall test for differences between any of the 3 procedures, pairwise comparisons among the 3 procedures were further evaluated without adjustment for multiple comparisons.
RESULTS
A total of 711 charts were identified and assessed for eligibility (252 MMC, 349 ASC, and 110 RSC). Thirty patients did not provide research authorization. An additional 65 MMC, 100 ASC, and 4 RSC patients met exclusion criteria. The resulting cohort comprised 512 patients in the 3 groups: 174 MMC, 237 ASC, and 101 RSC. The relative proportions of the 3 procedures varied by year ( Fig. 1 ). In 2007, 62.9% of the procedures were ASC and 11.4% were RSC. By 2011 (the last full calendar year), both ASC and RSC were 36.1%. As the proportion of robotic procedures increased, the proportion of abdominal procedures decreased, whereas the proportion of vaginal procedures overall (MMC) remained stable. For the 2 surgeons who performed most of the RSCs (as an option in addition to ASC), the relative proportion of RSC to ASC generally increased between 2007 and 2011; the proportion of MMC was stable during the same 5-year period for these 2 surgeons.
Mean (SD) age of the entire cohort at the time of surgery was 63.2 (10.9) years (range, 34-94 years). Patients in the MMC group were significantly older (mean, 68.9 years) than patients in the ASC and RSC groups (60.4 and 59.9 years, respectively) (both P < 0.001) and were more likely than the other 2 groups to have a classification of ASA 3+ (MMC, 25.2% vs ASC, 11.8%, and vs RSC, 8.9%; both P < 0.001) ( Table 1 ). More patients undergoing sacrocolpopexy had previous prolapse surgeries and previous vaginal prolapse surgeries in particular (ASC, 62.9%; RSC, 61.4%), compared with the MMC group (35.6%, both P < 0.001). A greater proportion of patients in the RSC group had previous sling placement for stress urinary incontinence (24.8%) than did patients in the MMC (8.6%) or ASC (8.4%) groups (both P < 0.001). The RSC group had less need to splint to defecate or a sensation of incomplete bowel evacuation (6.9%) compared with the MMC (23.0%, P < 0.001) or ASC (19%, P = 0.005) group. Patients in the RSC group had less anal incontinence at baseline (5.9%) compared with the MMC group (14.9%, P = 0.03). Patients undergoing either type of sacrocolpopexy were more likely to have underlying chronic pain of any kind than were patients undergoing MMC (ASC, 15.2% vs MMC, 3.4%, P < 0.001; RSC, 11.9% vs MMC, 3.4%, P = 0.006).
With regard to prolapse grade, patients in the ASC group were significantly more likely to have advanced (grade 3 or 4) apical prolapse at baseline compared with either MMC or RSC (both P < 0.001) ( Table 1) . Patients in the MMC group had a greater proportion of advanced (grade 3 or 4) anterior vaginal compartment prolapse than either ASC (P < 0.001) or RSC (P = 0.004). Roughly one third of patients in both the MMC and ASC groups had grade 3 or 4 rectocele at baseline, approximately twice as many as among the RSC group (MMC vs RSC, P = 0.004; ASC vs RSC, P = 0.002).
In terms of explicitly stated selection factors, a large proportion of patients did not have any explicitly stated reasons in their health record for the selection of route of surgery (Table 2) .
Several factors were only rarely cited, and in some cases, more than 1 factor was stated for a given patient. "Patient preference" was cited as a reason for selection in slightly more than half of the RSC group. Young age was a factor cited among the ASC group (11.0%). Factors significantly associated with the selection of abdominal or robotic sacrocolpopexy included multiply operated vagina, shortened vaginal length, previous failed prolapse surgeries, increased existing or anticipated Valsalva pressure, and desire to avoid open abdominal surgery (all P < 0.001). Increased degree of prolapse was explicitly stated with greater frequency among the ASC than the MMC group (P = 0.049), as was need for abdominal exploration or presence of abdominal hernia (P = 0.02). Compared with MMC and ASC patients, patients undergoing RSC had a more frequent explicitly stated selection factor of pelvic pain (RSC, 5.0% vs MMC, 0% [P = 0.006] and ASC, . Sexual inactivity or lack of desire for a functional vagina was frequently cited as a selection factor for MMC (12.6%). Several infrequent, although interesting, reasons cited for the selection of a particular route in general or over another included desire to avoid mesh (3 MMC patients), isolated apical prolapse (3 sacrocolpopexy patients), and desire to avoid interfering with previously placed vaginal mesh (1 ASC patient). For 1 patient, an enterocele could not be reduced vaginally, so the decision was made to proceed with an abdominal approach. For 2 patients with voiding dysfunction, ASC was chosen with the aim to augment bladder emptying. Three patients underwent ASC as opposed to RSC with the specific desire to avoid RSC because it was a relatively new approach or because of concern for possible preexisting adhesions after multiple previous abdominal surgeries. Concomitant procedures differed significantly among the 3 groups (Table 3 ). The MMC group had the greatest proportion with either concomitant anterior (82.8%) or posterior (91.4%) repair.
DISCUSSION
In this descriptive study, we found that, compared with patients undergoing ASC or RSC, patients undergoing MMC were more likely to be older, have a higher ASA score, have a greater degree of associated anterior vaginal compartment prolapse and were less likely to desire vaginal function at baseline. Factors associated with the selection of sacrocolpopexy were more previous prolapse surgeries, multiply operated vagina, chronic pain, and concern for chronic intra-abdominal pressure. Advanced apical prolapse constituted a selection factor for ASC only. Although patients in the MMC group underwent posterior repair with the greatest frequency, repair of a rectocele, if one persisted after correction of the vaginal apex intraoperatively, would have been possible in all groups, including ASC and RSC. Thus, the reason for a more frequent rectocele repair in the MMC group, followed by the ASC group, is unclear. It is possible that (1) intraoperative examination altered the degree of prolapse in a given compartment, (2) a primary vaginal approach (MMC) may have afforded more ready access to correct smaller rectoceles, (3) ASC or RSC reduced the posterior compartment to a greater degree, or (4) rectocele repair was avoided in patients with pain, a characteristic more prevalent among ASC and RSC patients.
Among sacrocolpopexy procedures, we found that the relative proportion of ASC decreased with increased adoption of the RSC technique. This suggests that, rather than supplanting the primary vaginal approach, RSC may have been supplanting ASC. As minimally invasive approaches continue to develop, it will be essential to continue to follow these trends over time.
When relating patient characteristics to the stated factors, nearly all of the statistically significant differences in baseline characteristics among the treatment groups were reflected in the most commonly cited explicit selection factors. The main exception to this was that the greater proportion of advanced (grade 3 or 4) anterior vaginal compartment prolapse in the MMC group at baseline was not reflected in explicitly stated selection factors. Conversely, some explicitly stated selection factors, such as "patient desires to avoid abdominal surgery," were not captured among baseline characteristics.
There are few formal reports on preference for different routes of apical vaginal prolapse repair. 6, 10, 11 In a 2007 surveybased study of surgeons in the United Kingdom and Australia, Vanspauwen et al 10 found that older patient age seemed to increase preference for transvaginal repair of posthysterectomy vaginal vault prolapse. Jha and Moran 11 found that among physician survey respondents in the United Kingdom, 11% would change their procedure of choice for posthysterectomy vaginal vault prolapse if the patient were not sexually active. In a survey of gynecologic surgeons regarding factors influencing selection of repair type for primary and recurrent apical vaginal prolapse, Montoya et al 6 found that the transvaginal native tissue approach was more common for primary apical repair, whereas minimally invasive transabdominal approaches were used for recurrent prolapse. In that study, the most frequently cited factors that surgeons considered for primary or recurrent apical vaginal prolapse were desire to maintain vaginal function, age, comorbid conditions, and apical prolapse stage, without quantification of directional effects. Surgeons preferring a laparoscopic route of repair (laparoscopic sacrocolpopexy, robotic sacrocolpopexy, or laparoscopic uterosacral ligament suspension) cited prolapse stage and surgeon experience as important considerations. 6 Our findings were similar in that prolapse stage affected selection, in addition to patient age and health status (in our case correlating with ASA score, not Charlson comorbidity score). In our study, advanced anterior vaginal prolapse, found to differ at baseline, may have influenced the selection of the vaginal approach.
Strengths of our study include a large cohort of patients undergoing surgery for a primary indication of posthysterectomy vaginal vault prolapse. Internal validity was further strengthened by the limited types of prolapse surgeries offered and by all surgeons being fellowship trained in gynecologic surgery at the same institution. In addition, rather than surveying surgeons themselves regarding preference, we sought to determine possible selection factors on the basis of patient characteristics and documented rationale in the medical records.
Limitations of our study are that it is a retrospective study from a single institution. Although we detected several statistically significant factors possibly influencing selection, the study was not powered, a priori, to detect differences for all potential selection factors. Finally, given that consultation notes were open ended, the factor(s) influencing selection might not always have been explicitly stated. Ultimately, although there was some overlap, we saw some notable differences in the selection of surgical procedure for vaginal vault prolapse. In general, surgeons chose MMC for patients with more advanced anterior vaginal prolapse and baseline characteristics that increased the risks of surgery. Surgeons chose ASC for more advanced apical prolapse and chose ASC or RSC for recurrent prolapse, for suspected concurrent abdominal pathology, and for patients with chronic pain or lifestyles that included heavy lifting. Furthermore, between ASC and RSC procedures, the proportion of RSC changed over time as this procedure became increasingly adopted. It is thus imperative that comparative studies of vaginal vault prolapse, especially nonrandomized cohort studies, attempt to control for selection bias when drawing conclusions.
